Background: A recent study has suggested that abdominal diameter index (ADI), that is, the supine sagittal abdominal diameter divided by thigh circumference, may be a better measure of the increased risk of abdominal adiposity for prevalent ischemic cardiovascular disease (CVD) than body mass index or waist circumference. The risk associated with all of these measures is believed to arise from the link between visceral obesity and insulin resistance. Methods: Male bridge and tunnel workers in New York City without ischemic CVD in the highest and lowest quartiles of ADI (n ¼ 218) in a 1993-1994 cross-sectional study of risk factors and prevalent coronary heart disease were administered telephone follow-up questionnaires after 12 years (2005)(2006) to assess incident ischemic CVD (new-onset angina, coronary revascularization, myocardial infarction, stroke, peripheral vascular disease and cardiovascular death). Results: In the univariate analysis of 111 participants able to be contacted, study members in the highest quartile vs the lowest quartile of ADI had a significantly increased cumulative incidence of ischemic CVD (Relative risk (RR) ¼ 7.9, P ¼ 0.002). In a logistic regression analysis controlling for other cardiovascular risk factors including age, smoking, total cholesterol, high-density lipoprotein cholesterol, triglycerides, blood pressure and glucose, ADI lost statistical significance (RR ¼ 4.37, P ¼ 0.063), suggesting that ADI may be an anthropometric surrogate for these cardiovascular risk factors. Conclusions: ADI is a powerful anthropometric index for 12-year cumulative incidence of ischemic CVD in working men in New York City.
Introduction
Simple anthropometric indices have been used to demonstrate the link between abdominal obesity and CVD (cardiovascular disease), and therefore such measures can be used to determine cardiovascular risk in large populations. These measurements, often defined differently by different authors, which include body mass index (BMI), waist-hip ratio, waist circumference, supine sagittal abdominal diameter and abdominal diameter index (ADI) (sagittal abdominal diameter divided by thigh circumference), are theoretically useful in approximating the visceral adipose tissue that could otherwise only be characterized using computerized tomography or magnetic resonance imaging, methods that are typically too expensive to use in everyday clinical practice, although recent studies refute this claim. 1, 2 These studies have also suggested that these measurements do, in fact, correlate with similar measures of abdominal fat using computerized tomography and magnetic resonance imaging. Waist circumference and sagittal abdominal diameter were found to be most similar to these more costly radiographic measures in assessing visceral obesity in a 1994 study. 3 In later studies, Kahn et al. 4 showed that ADI and waist-thigh ratio were also significantly elevated in patients with known CVD in a casecontrol study. In a cross-sectional study performed by Smith et al., 5 various anthropometric indices were analyzed to find the most powerful measure for prevalent coronary heart disease. The measures tested included BMI, waist, hip and thigh circumferences, waist-hip ratio, waist-thigh ratio, sagittal abdominal diameter and ADI. Men in the highest compared with the lowest tertile of ADI had a univariate, unadjusted odds ratio for ischemic coronary heart disease of 5.47 (95% confidence interval ¼ 1.55-19.28, Po0.01). This was the only anthropometric index that remained significant after adjusting for the following risk factors: age, systolic blood pressure, current smoking, total and highdensity lipoprotein (HDL) cholesterol and history of diabetes using the Framingham risk score for male subjects. The major drawback of this study was its cross-sectional design. As a result, causality could not be established, and it was not clear whether the increase in ADI preceded heart disease or vice versa. Given the apparent usefulness of ADI, this study was designed to examine its predictive risk for incident ischemic CVD, which to our knowledge has not been previously reported.
Study design and methods
In this prospective study, all bridge and tunnel officers working for the New York City Triborough Bridge and Tunnel Authority who previously participated in a study of occupational exposures at the Mount Sinai Medical Center in 1993-1994 6 were stratified into quartiles of ADI, a measure of abdominal obesity found by dividing sagittal abdominal diameter by right thigh circumference measured 10 cm proximal to the superior patellar border. Waist was defined halfway between the bottom rib and the iliac crest in the mid-axillary line. Sagittal abdominal diameter was measured as the height of the abdomen from the table in the supine position (centimeters) measured at the waist, first using a radiologist's chest caliper (S & S X-ray Products Inc., Brooklyn, NY, USA) and then when it became available, using a portable sliding-beam caliper (Holtain-Kahn abdominal caliper, Holtain Ltd., Dyfed, Wales, UK) with the patient supine and after gentle expiration. The caliper's upper arm was brought down to an abdominal mark made at the waist. It must be noted that these are different measures than those of Kahn et al., 4 who measured sagittal abdominal diameter at the iliac crests rather than at the waist, and thigh circumference midway between the lateral inguinal fold and the mid-patella rather than 10 cm proximal to the superior border of the patella. This study was planned as a master in public health 1-year thesis project to simply determine whether ADI would predict 12-year cumulative incidence ischemic CVD. Owing to the shortness of time and absence of other investigators, only subjects falling into the lowest and highest quartiles of ADI (0.405-0.517 vs 0.595-0.733) at baseline were included. The study was approved by the Institutional Review Board of the Mount Sinai Medical School. Those with definite or probable CVD at the time of the initial study were excluded from this study. Current contact information for the officers in the two quartiles was provided by their union, the Bridge and Tunnel Officers' Benevolent Association. For officers who had been promoted to the rank of Sergeant, the Superior Officers' Benevolent Association, provided contact information. The unions also mailed a standard letter to each potential subject describing the study asking for participation. The two officers' unions also provided information about all subjects who had died since the completion of the previous study in 1994 as these organizations were responsible for pension payments. ADI and incident CVD AC Ehrlich and DA Smith highest ADI groups. Figure 1 is a graphical representation of the selection process. In the lowest ADI group, 60 subjects were unable to be contacted, either because the workers' union did not have an updated telephone number or the subject did not answer his telephone after 5 attempts on various days. A total of 49 subjects were included in the lowest ADI group, including 4 subjects who had died since 1994. In the highest ADI group, 46 subjects could not be contacted for similar reasons. Of the 63 subjects who were contacted, 1 refused to participate. A total of 62 subjects were included in the highest ADI group, including 10 subjects who had died since 1994.
In addition to obtaining basic demographic information, including ethnicity and age, every subject was evaluated for the presence of ischemic CVD itself and risk factors for CVD. The Rose questionnaire for exertional angina, heart attack, stroke and peripheral vascular disease was administered. 7 Participants were also questioned about current weight and exercise, history of smoking (categorized as current vs never/ former (41 year without smoking)) and history of physiciandiagnosed hypercholesterolemia, diabetes and hypertension, along with current treatment regimens.
The outcome variable, incidence of ischemic CVD, included any new-onset angina, myocardial infarction, coronary artery bypass graft surgery or balloon angioplasty, stroke or peripheral vascular disease as defined by either direct patient report or a positive Rose questionnaire. Subjects who had died since 1994 were included in the univariate analysis. If the death certificate indicated that a CVD was a direct or indirect cause of death anywhere on the certificate, subjects were classified as having CVD. If the CVD was not listed on the death certificate as a cause of death and if CVD status when alive was unknown, these deceased subjects were classified as not having CVD. Deceased subjects were not included in any subsequent analyses that required current data collected during this study's interviews, as data could not be obtained. For analyses that required only variables collected from the previous study, these subjects were included. Data were analyzed using logistic regression models with SPSS for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA).
Demographic risk factor and outcome variables were compared between subjects in the highest and lowest quartiles of ADI. Logistic regression models were developed to determine the association between ADI and 12-year cumulative incidence of ischemic CVD. The initial model was a univariate analysis with the categorical variable 'ADI group' as the independent variable and new-onset CVD as the dependent variable. To investigate possible confounding variables, the baseline Framingham risk score for male subjects (age, smoking status, total cholesterol, HDL cholesterol and blood pressure) was added to the initial model, followed by one multivariable model including baseline age, smoking status, total cholesterol and continuous baseline values for four variables associated with insulin resistance (systolic blood pressure, triglycerides, HDL cholesterol and glucose). Finally, each of the other anthropometric indices was added independently to the initial univariate model to see whether any other one index could substitute equally for the predictive risk of ADI.
Results
A total of 111 male subjects participated in the study, 49 in the lowest ADI group and 62 in the highest ADI group. Demographics and prevalence of physical and laboratory measures associated with insulin resistance from 1994 are given in Table 1 Results from telephone interviews can be found in Table 2 . The mean reported weight of all participants was 95.3 kg, with a statistically significant difference between the lowest ADI group and the highest ADI group (89.1 vs 100.7 kg, Po0.01). The groups differed in percentage of subjects currently working. Those in the lowest ADI group were much more likely to still be working (73.3 vs 36.5%, Pp0.001). Subjects were also asked about other known risk factors related to the development of CVD. Those in the highest ADI group were more likely at follow-up to report hypertension (71.2 vs 33.3%, Pp0.001), diabetes mellitus (34.6 vs 4.4%, Pp0.001) and hypercholesterolemia (57.7 vs 35.6%, Po0.05). Subjects did not differ in frequency of current smoking (current smokers vs former/never smokers), use of aspirin or prescribed medications or exercise.
Data collected regarding the primary outcome variable of new-onset ischemic CVD are summarized in Table 3 . Subjects determined to be positive for this outcome were further divided into subtypes. There was a statistically significant difference between the highest and the lowest ADI groups when comparing cumulative incidence of ischemic CVD (21 (33.8%) vs 3 (6.1%), Pp0.001). All three subjects in the lowest ADI group had experienced angina as their qualifying event. In contrast, the highest ADI group had a range of events, including eight subjects with angina, seven subjects with myocardial infarction, six subjects with angioplasty or stent, three subjects with stroke and two subjects with intermittent claudication. In nine subjects, there had been two different events, including the four deaths from CVD, since 1994 that resulted in their inclusion in the positive outcome group. In the lowest ADI group, none of the 4 patients who had died during the study period had ADI and incident CVD AC Ehrlich and DA Smith ischemic CVD listed on the death certificate, whereas in the highest ADI group, 4 of the 10 deceased patients had documented CVD as the direct or indirect cause of death. Assuming 12 years of follow-up for all surviving participants, a mean 6 years of follow-up for those who died, and examining only hard coronary events of myocardial infarction and cardiovascular death, those in the highest ADI group had 16.1 events per 1000 person-years (intermediate risk by the National Cholesterol Education Program guidelines 8 ) vs zero events per 1000-person years in the lowest ADI group (low risk). Table 4 shows the relative risks of several logistic regression models used to analyze the predictive power of the measurement of ADI when comparing the highest quartile with the lowest quartile. In a univariate model, subjects in the highest quartile of ADI were eight times more likely to have an ischemic cardiovascular event (RR ¼ 7.9, 95% confidence interval ¼ 2.2-28.3, P ¼ 0.002). When the Framingham risk score applicable for male subjects (age, smoking status, total and HDL cholesterol, systolic blood pressure) at baseline in 1994 was added as a confounder to the ADI group, the relative risk decreased to 6.7 (RR ¼ 6.7, 95% confidence interval ¼ 1.7-25.7, P ¼ 0.006). In the final model, fasting triglycerides and glucose are added to the variables in the Framingham risk score. Here, the relative risk was 4.37 but the model lost statistical significance for the ADI group (RR ¼ 4.37, 95% confidence interval ¼ 0.93-20.6, P ¼ 0.063).
As a secondary objective, the ADI group was compared in logistic analysis with the other available anthropometric indices from the baseline examinations (Table 4) . In logistic regression analysis, each alternative anthropometric index (BMI, waist circumference, waist-hip ratio, waist-thigh ratio, sagittal abdominal diameter and thigh circumference) was included in a model with the ADI group. In none of these models did the statistical significance disappear. Waist-hip ratio and waist-thigh ratio brought the statistical significance closest to nonsignificance.
Discussion
In this prospective study of male New York City bridge and tunnel officers, the ADI of subjects was used as a predictive ADI and incident CVD AC Ehrlich and DA Smith measure of incident CVD. Analysis showed that the highest vs lowest quartile of ADI had a statistically significant, high relative risk for incident ischemic CVD over a 12-year period. As additional confounding variables were added to the statistical model, the relative risk decreased as the P-value increased and became nonsignificant. Given that this model included age, smoking status, total cholesterol, HDL cholesterol, triglycerides, systolic blood pressure and fasting glucose, it suggests that ADI may be able to substitute for these many variables in predicting incident CVD. Smith et al. previously demonstrated that the division by thigh circumference added to the discriminatory power of sagittal abdominal diameter in predicting prevalent ischemic CVD. 5 In their cross-sectional study, as in this study, Smith et al. found that including in the logistic regression equation variables associated with insulin resistance resulted in the loss of statistical significance of the ADI, and they concluded that ADI served as a marker for the variables at that time defining the 'metabolic syndrome' as defined by the National Cholesterol Education Program Adult Treatment Panel III. 8 In the current incidence study, a similar phenomenon occurs. ADI loses statistical significance after including the variables in the Framingham risk score plus fasting glucose and triglycerides. This suggests that ADI may be able to substitute for these variables associated with insulin resistance in predicting incident ischemic cardiovascular risk, at least in males. Whether less commonly measured laboratory variables associated with insulin resistance but not examined in the original study such as increased fibrinogen, microalbuminuria and ultra-sensitive C-reactive protein might have added additional predictive risk to ADI could not be assessed in this study. Given the significant difference in incident CVD between the two study groups, examination of the types of incident CVD suggests which vascular beds are mostly at risk of experiencing ischemic complications. In the lowest ADI group, only three patients had incident CVD, and this disease was manifested as angina in each case. Ischemic disease in all vascular bedsFcoronary, cerebrovascular and peripheralFwas found in those in the highest quartile of ADI.
There were several limitations to this study. The format of the study, a telephone-based questionnaire, did not evaluate the patient as fully as the initial 1994 study. It was impossible to obtain laboratory data or determine objectively whether ADI or other anthropometric indices changed significantly in the intervening 10 years. Controlling for current weight or weight change during the 12-year study period would add validity to the statistical results as subjects may have lost or gained weight since 1994.
The ADI measures in this study are different from those used by Kahn et al. 4 in their case-control study of incident hospitalized cases of ischemic heart disease. In that study, thigh girth was measured at two locations: mid-thigh (halfway between lateral inguinal fold and mid-patella) and 4 cm proximal to the border of the superior patella. They report on mid-thigh values and give no results for the 4 cm proximal thigh measure, suggesting superiority of the former. Our measure combines the simplicity of being a measure from the more specific anatomic location of superior patellar border but extends it more proximal to more clearly represent a mid-thigh measurement. Kahn et al. also measured both waist-thigh ratio (waist girth divided by mid-thigh girth) and ADI (sagittal abdominal diameter between the iliac crests at the approximate L4-L5 interspace divided by the mid-thigh girth). In men, the odds ratio of highest vs lowest tertile for waist-thigh ratio and ADI was no different at 5.1 and 5.5, respectively, but for women was 8.7 and 6.3, respectively, suggesting that if ADI is measured for both genders, the better measure may be at the waist than at the iliac crests. Using only the highest and lowest quartiles of ADI limits the applicability of the results. It is impossible to comment on whether the relationship seen in this study would continue linearly though the middle 50% of ADI. A broader study would be required to determine exactly how to apply these results to clinical practice. Finally, the primary objective of this study was to test whether the extreme quartiles of ADI would predict cumulative incidence of ischemic CVD, not to test the relative ability of various anthropometric indices to predict the same. By deliberately choosing subjects in the upper and lower quartiles of ADI, we may have forced that variable to be the strongest of all the other anthropometric indices. However, when the ADI group was adjusted for each of the other anthropometric indices individually, it still retained significance as a predictive index. The two indices most similar to ADI, namely the waist-hip ratio and waist-thigh ratio, pushed the ADI group closest to nonsignificance. Of interest, a recent report of 23 years follow-up of men in the Paris Prospective Study I found sagittal abdominal diameter, measured in the upright rather than supine position, associated with increased fatal myocardial infarction and sudden death independent of BMI and other cardiovascular risk factors. 9 The Danish MONICA (MONItoring of trends and determinants of CArdiovascular disease) project found decreased thigh circumference, measured below the gluteal fold rather that at mid-thigh, in both men and women, associated with cardiovascular and coronary heart disease at 10 years and total death at 12.5 years, independent of abdominal and general obesity, lifestyle, blood pressure and lipid values. 10 Our original study did not contain plans for a follow-up study; hence, finding the subjects 10 years later was somewhat problematic, with only 111 of 218 patients (51%) participating in the follow-up study; however, only 1 person who was contacted declined to participate. As such, it is unlikely that a differential response rate resulted in any selection bias. Of those subjects in either ADI group who died during the last 10 years, those with obvious CVD on the death certificate were categorized as positive for incident CVD. Those with no mention of CVD were categorized as negative, although it is possible that these subjects did, in fact, have CVD either unknown to the certifying physician or unrelated to the cause of death. Although some deceased subjects may have been misclassified, the number of those potentially misclassified as non-CVD deaths, would have been greater in the highest vs the lowest quartile of ADI thus lessening the power to produce the significant associations of ADI with CVD reported here.
In summary, this prospective study of male bridge and tunnel officers in New York City demonstrated that ADI is powerfully associated with a significant risk for incident ischemic CVD. This risk remains after controlling for baseline age, smoking status, total and HDL cholesterol and systolic blood pressure. The model loses statistical significance when two other variables associated with insulin resistance, fasting triglycerides and glucose, are included, suggesting that ADI may be a very valuable epidemiological tool for substituting for many laboratory variables measuring the cardiovascular risk of excess weight and insulin resistance when these laboratory variables are not readily available.
Future research could better establish ADI as an inexpensive and valuable tool in the evaluation of ischemic cardiovascular risk. In this study, ADI was only compared with itself (highest vs lowest quartiles), but in a previous study of the same population that compared it with BMI, waist circumference, waist-hip ratio and sagittal abdominal diameter, ADI was the most powerful anthropometric risk factor of prevalent ischemic CVD. 5, 6 No study has yet demonstrated a diagnostic high-risk categorical value for ADI that could be used to guide clinical practice. Although this study defines a very high ischemic CVD risk for men in this multiethnic population with ADI X0.59, other larger cohort studies, including women, will be necessary to better refine at-risk values. In the growing field of global health, ADI may serve as the simplest, low-cost, anthropometric evaluation of future ischemic cardiovascular risk when laboratory tests are too costly or are not available.
